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I:l Russian River Yatershed
B Iricorporated City

Russian River Reservoirs are Dual Purpose =3 =

Flood protection in a flood-prone watershed
(US Army Corp of Engineers)

Mendocino
County

Water supply for 600,000 people and agriculture
(Sonoma County Water Agency)

Operations Dictated by
Storage Levels Relative to “Rule Curve”

Lake Mendocino (Coyote Valley Dam)
Flood Control Pool (empty space): 48,100 AF
Water Supply Pool: 68,400 A

County

Lake Sonoma (Warm Springs Dam)
Flood Control Pool:136,000 AF
Water Supply Pool: 245,000 AFF (Nov. 1 — March 1)
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" The Issue: Lake Mendocino’s Water Supply Is Not Reliable -

Some Reasons For Low Water Supply Rellablllty
* Relatively small storage capacity
e Relatively unproductive watershed
* Reduced inflow from Potter Valley Project (Eel River)
* Highly variable precipitation pattern
- - Almost 50% rainfall from atmo:
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’ Flood in 2014
-l Russian River near Monte Rio, 9 Feb 2014 (M. Ralph) —
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Lake Mendocino Water Years 2012 - 2014
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Lake Mendocino FIRO Steering Committee

Co-Chairs A Comprehensive Work Plan to

Jay Jasperse — Sonoma County Water Agency
F. Martin Ralph — UCSD / SIO / CW3E

Members
Michael Anderson — California DWR °
Levi Brekke — USBR .
Mike Dillabough — USACE / SPN ]
Michael Dettinger — USGS Project Partners )

Joe Forbis — USACE / SPK

Alan Haynes — NOAA / NWS
Patrick Rutten — NOAA / NMFS
Cary Talbot — USACE / ERDC
Robert Webb — NOAA / OAR

Mendocino County
A—ﬂ RUsSIAN RIVER FLOOD CONTROL

& Water Conservation Improvement District

Evaluate FIRO for Lake Mendocino

Viability Assessment Process
Evaluation Framework

Benefits Assessment
Implementation Strategies
Technical and Scientific Support




Lake Mendocino Forecast-Informed Reservoir Operations Concept

Hypothetical estimate of extra water retained unless an atmospheric river storm is
predicted to hit the watershed; requires reliable AR prediction at 5-day lead time
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Preliminary Viability
Assessment

Is FIRO currently viable

strategy to improve water
supply and environmental

conditions without
impairing flood protection?

(Workplan Sections 4-8)

YES - FIRO
IS a viable
strategy

(Note: some
FIRO strategies
may be currently

viable while others
are not)

BOX 4

NO- FIRO is
NOT currently
a viable
strategy to
improve
reservoir
operations

How can
FIRO become
incorporated
into reservoir
operations?
* Process
* Decision

support
tools/mode
|
(Workplan
Section 9.0)

BOX 5

What Improvements in
scientific knowledge &
decision tools need to occur
so that FIRO is viable and can
meet the needs of water
managers?
(Workplan Section 9.0)

Science & Technical Programs
(Workplan Section 10)

Data collection &
monitoring (watershed,
hydrometric)
Weather Forecasting

« QPI

+ QPE

« ARs
Decision support models
Data interoperability

FIRO Viability
Assessment
Process



Hypothetical Impacts of FIRO on Water Supply and Flood Risk

Water Supply

Flood Risk

Storage (ac-ft)

End of Water Year Lake Mendocino Storage 1985 - 2010
L} T T

120000 766.70
Existing Operations.
’ Perfect Forcast Operations
- Ensembie Forecast Operations
Hybrid Operations
100000 - -1755.72
80000 \ 744.33
60000 - 732.35
20,000 AF greater water
aoo00 - supply reliability in {718.96
about 50% of the years
20000 - ! ! . ' ' - ‘ ' ! - 700.73
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Percent Exceedance

Flow (cfs)

Daily Hopland Flow 1985 - 2010
T T

100000
Existing Operations
Perfect Forcast Operations
—— Ensemble Forecast Operations
Hybrid Operations
10000 |- -1 16.83
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Stage (ft)

v'Substantial gains in water storage over
existing operations by leveraging
information in streamflow forecasts

v'Downstream flood control benefits
are not impacted




Selected results of FIRO-motivated science

Established forecast skill requirements, e.g., 3-5 day lead time on
heavy precipitation and runoff forecasts

ARs are the main weather phenomenon that causes extremes
AR landfall forecasts have useful skill out to a few days
Mesoscale frontal waves are key source of forecast busts

AR Recon offers potential to improve AR landfall prediction
Prediction of no AR landfall has skill beyond 1 week

Probabilistic streamflow predictions are key; developing thresholds
based on ensemble methods

Exploring roles of distributed, physics-based steamflow models



FIRO at Southern California’s Prado Dam

With Orange County Water District and
US Army Corps of Engineers

San Bernardino Mts. San Jacinto Mts.

The Santa Ana River Water: hedise e




NCEP GEFS dProg/dt Example from February 2017 — “Oroville Case” (dam spillway issue)

B GFS Ensemble Init: 12Z Sun 02/05/17 LatLon: 38N;123W B GFS Ensemble Init: 12Z Mon 02/06/17 LatLon: 38N;123W B GFS Ensemble Init: 12Z Tue 02/0717 LatLon: 38N;123W
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12205 12Z/06 12Z/07 12Z/08 12Z/09 12Z10 12Z11 12Z12 12Z2/06 12Z/07 12Z/08 12Z/09 12Z10 12Z11 12Z/12 12Z13 12Z/07 12Z/08 12Z/09 12Z/10 12Z11 12ZM2 12Z/13 12Z/14
O rOVi I I e D a S p i I I ay Forecast time from 12Z Sun 02/05/17 Forecast time from 12Z Mon 02/06/17 Forecast time from 12Z Tue 02/07/17

Damaged Init: 12Z/5 Feb Init: 12Z/6 Feb Init: 12Z/7 Feb

Image Description: 7-day forecasts of the NCEP GEFS IVT [kg m~' s~'] at 38N, 123W. The following is
indicated at each forecast time: ensemble member maximum (red), ensemble member minimum (blue),
ensemble mean (green), ensemble control (black), ensemble standard deviation (white shading), and
each individual member (thin gray). Time advances from left to right.

Key: Variability in north-south shift of ARs result in increases or decreases in IVT magnitude at the
coast. In this case the ARs ultimately ended up stronger.
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e v 2018

iiFay timedrom Atmospheric River Reconnaissance
h S ttle(black numbers) Flight Strategies

Upper-level
trough/PV anomaly
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Center time: 0000 UTC
Dropsonde deployment window:
2100 -0300 UTC

Example of a target
for the NOAA G-IV

c

Example of
Atmospheric River
target for AF C-130s '

(color fill: IVT) wall NOAA G-IV

nnnnnnnnnnnnnn

AF C-130 3 storms in 2018

Each aircraft has a range of about 3500 nm
F.M. Ralph (AR Recon PI) and AR Recon Team



Observations Forecasts News & Publications CW3E North
Forecast Informed Reservoir Operations

FIRO is a proposed management strategy that uses data from watershed monitoring and modern weather and water forecasting to help water

managers selectively retain or release water from reservoirs in a manner that reflects current and forecasted conditions.

FIRO is being developed and tested as a collaborative effort focused on Lake Mendocino that engages experts in civil engineering, hydrology,

meteorology, biology, economics and climate from several federal, state and local agencies, universities and others.

L For more information
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Watershed Characteristics and
Executive Summary Preliminary Viability Assessment Interagency Cooperation
Challenges
Purpose
Steering Committee The Lake Mendocino Forecast Informed Reservoir Operations (FIRO) Recent FIRO News
Preliminary Viability Assessment Work Plan (Work Plan) describes an approach
m for using modeling, forecasting tools and improved information to determine
whether the Lake Mendocino Water Control Manual can be adjusted to improve
JayJasperse flood-control and water supply operations. This proof-of-concept FIRO viability
Emprma o e A assessment uses Lake Mendocino as a model that could have applicability to
F. Martin Ralph other reservoirs.
(Center for Western Weather and Water
Extremes at Scripps Institution of Background
Oceanography) The 1959 Lake Mendocino Water Control Manual (with minor updates in 1986), I
specifies reservoir elevations to control flooding and establishes the volume of Lake Mendocino Forecast Informed Reservoir Operations
storage that may be used for water supply. The Manual was developed using the Steering Committee Submit Major Deviation Request
N[em—bers best information available at the time, but it has not been adjusted to reflect AO0OO0
chaneing climate conditions and reduced inflows over the past 20 vears.




2018 2nd International Atmospheric Rive

Scripps Institution of Oceanography -
La JO"a, Callfornla & - Center for Western Weather ;
25-28 June = 6 _ and Water Extremes

SCHPPSIITTUTON OF OCEANOGRASHY
ATUE EAN DO

Regions around the globe face challenges in water management due to droughts and/or floods. Atmospheric rivers (ARs) have emerged as a conceptual model
to focus hydrologists and atmospheric scientists on the transport mechanisms and impacts of precipitation extremes caused by AR landfall. The frequency,
orientation, and strength of ARs determine the occurrence and impact of natural hazards as well as water resource and ecosystem benefits. This conference
will bring together experts across the fields of atmospheric, hydrologic, oceanic and polar sciences, water management, civil engineering, and ecology to
advance the state of the science and explore needs for new information. Traditional oral and poster sessions will be combined with panel discussions.
Abstracts are currently being solicited to cover
topics including (but not limited to):

* Field observations and remote sensing of ARs

* AR identification and tracking

* Global and regional perspectives and impacts

* Physical processes and moisture transportin ARs

* Interactions between atmospheric transport and
chemistry

¢ Current forecasting capabilities and opportunities

* Paleo—AR related floods and impacts

* ARs and climate change

* Emerging directions

International organizing committee

Michael DeFlorio (NASA JPL; Co-Chair)
Alexandre Ramos (Instituto Dom Luiz, Portugal; Co-Chair) The conference will be held at the beautiful oceanfront venue of

5 ) the Robert Paine Scripps Forum for Science, Society and the
Michael Warner (USACE Seattle; Co-Chair) Environment located at the Scripps Inst. of Oceanography, Univ.
Anna Wilson (CW3E, Scripps; Co-Chair) of CA~San Diego.

Elizabeth Barnes (Colorado State University)

ReR R (UG 6o Gl Contributions for the 2018 Conference are now

Irina Gorodetskaya(University of Aveiro, Portugal) invited
David Lavers (ECMWF) See the website to submit an abstract and register:
Ashley Payne (University of Michigan) http://cw3e.ucsd.edu/IARC2018 .
) Students are strongly encouraged to attend. Scholarships
— 7 Chris Smallcomb (NWS Reno) are available, as well as slots for student speakers.
Banner image by Joshua Stevens, f"’"" NASA Earth Observatory Harald Sodemann (University of Bergen) For further information, please contact:

using VIIRS data. Top left image using GFS forecast for 15 Feb 2017. 5 ) q .
Top right image the Oroville Dam spillway failure on 13 Feb 2017 Michael Wehner (Lawrence Berkeley National Lab) i e 2l i il o s @Uueel LY @1F
(Getty Images). Middle image showing ACAPEX and CalWater Alexandre Ramos amramos@fc.ul.pt

observations courtesy DOE. Bottom figure from Ralph et al., 2017



BOX 4 BOX 5

BOX 1 What Improvements in

- scientific knowledge &
NNC?r— E";Sn'j decision tools need to occur
_avit::\ble y so that FIRO is viable and can
meet the needs of water
strategy to

improve
reservoir
operations

managers?
(Workplan Section 9.0)

Science & Technical Programs
(Workplan Section 10)

that YES! FIRO is viable for Lake Mendo,
and that greater AR, precip and streamflow

forecast skill could yield greater benefits
L ey

FIRO Viability
Assessment
Process

Steering Committee
report finalized
July 2017
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